A study is made of the steady-state Alfvn-gravity waves in an inviscid incompressible electrically conducting fluid with an interface due to a harmonically oscillating pressure distribution acting on the interface. The generalized function method is employed to solve the problem in the fluid of infinite, finite and shallow depth. A unique solution of physical interest is derived by imposing the Sommerfeld radiation condition at infinity. Several limiting cases of physical interest are obtained from the present analysis. The physical significance of the solutions and their limiting cases are discussed.
time is one of the most fundamental problems in the theory of surface wave phenomena in oceans. This is, indeed, a key problem for discussion of a variety of results and observations in water waves. However, it is, in general, not possible to derive a unique solution of the problem by imposing only bounded condition at infinity. In fact, sharper conditions such as the Sommerfeld radiation condition are required to obtain a unique solution of physical interest.
Several methods have been employed to solve the steady-state wave problem in order to obtain a unique solution of physical interest. These methods include (i) Lamb's fictitious damping force method rl, (ii) Stoker's complicated complex variable method [2] , (iii) Lighthill's method [37 concerning an alternative way of applying the radiation condition and (iv) Debnath's generalized function method [47. All these methods have been aimed at deriving a unique solution of physical interest, and in fact, led to the same solution.
An extensive usage of classical Fourier transform methods in water wave problems and other wave problems are well known and readily available in the existing literature (Stoker In spite of the tremendous progress on the steady-state surface wave problems in non-conducting fluids, hardly any attention has been given to the steady-state
Alfvn-gravity wave problem in an electrically conductin fluid. The main purpose of this paper is to make a steady-state investigation of the Alfvn-gravity waves in an inviscid, incompressible electrically conducting liquid with an interface due to a harmonically oscillating pressure acting on the interface. A new generalized function method will be employed to solve this problem in the fluid of infinite, finite and shallow depth. A unique solution of physical interest is derived by imposing the Sommerfeld radiation condition at infinity. Several limiting cases of interest have been obtained from the present analysis. The physical significance of the solutions and their limiting cases are discussed.
MATHEMATICAL FORMULATION.
We consider the two-dimensional linearized steady-state Alfvn-gravity wave problem in an inviscid, incompressible electrically conducting fluid of uniform density 0 with a free surface. In its undisturbed state, the field-free conducting fluid of constant depth h occupies the region -h _< z -< 0 in the rectangular Cartisian coordinate system with the origin at the free surface, and the region z > 0 is a vacuum under the action of constant magnetic field B 0 (B0,0,0)
We investigate the generation and p$opagation of magnetohydrodynamic surface waves in the fluid system due to a harmonically-oscillating pressure distribution acting at the interface z 0 in the form
where P is a constant, f(x) is a physically realistic arbitrary function of x and m is the fixed frequency.
In view of the fact that the motion is irrotational, there exists a velocity potential (x,z;t) which satisfies the Laplace equation
Outside the fluid the vacuum magnetic field must be a potential field so that the magnetic potential also satisfies the Laplace equation
in z > 0 and < x <, with the boundary condition at infinity Ivl 0 as z+ .
(2.4)
The free su#face dynamic and kinematic conditions in the linearized form are In addition, an appropriate radiation condition has to be imposed to ensure the uniqueness of the solution of the steady-state wave problem. This will be done later at appropriate places.
SOLUTION OF THE PROBLEM IN A FLUID OF INFINITE DEPTH.
As a trial, we assume that functions 4) It is noted that these inversion integrals are divergent because of the fact that the integrands of (3.6 abc) have polar singularities at the zeros of D(m,k) on the axis of integration. Consequently, the original assumDtion that functions and possess the Fourier transform in the ordinary sense was invalid. This is logical because a function which has a Fourier transform must tend to infinity, but we expect and to have wave-like behaviour, that is, bounded at infinity but not tending to zero at infinity.
To overcome this inherent difficulty, we treat the functions and as generalized functions in the sense of Lihthill 6] in which case they do have the (3.10)
The solution (3.9) for the free surface elevation n(x,t) contains four exponential terms two of them correspond to outgoing dispersive Alfvn-gravity waves from the source of disturbance and the other two represent incoming waves from infinity.
In order to achieve unique solution of physical interest, we impose the Sommerfeld radiation condition to eliminate the incominE wave terms present in the solution (3.9 ). This leads to the unique solution for (x,t) in the form it [ k k2(k2)eik2'x'] lllj (3 11 This solution represents the dispersive Alfve'n-gravity waves characterized by the dispersion equation (5.3) . Hence, the phase and the group velocities of the waves can readily be calculated. In the absence of the magnetic field (B 0 0 and a 0) the abmve result (5.7) reduces to the corresponding solution in a shallow non-condmcth/g liquid, and shows a striking contrast to the non-dispersive shallow water waves.
6.
CLOSING REMARKS.
The above entire analysis has been carried out for an arbitrary function f(x) involved in the applied pressure given by (2.1). Some simple functional form for f(x) can easily be chosen to illustrate the general theory presented in this paper.
However, the present study has revealed the principal features of the dispersive Alfven-gravlty wave motions in a conducting liquid.
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